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(54) EPOXIDIZED CYCLOOLEF1N-BASED RESIN COMPOSITION AND INSULATING MATERIAL 
USING THE SAME 

(57)Abstract: 

PURPOSE: To obtain a resin compsn. which can form a thin film excellent in heat resistance, solvent 
resistance, low water absorption properties, electrical insulating properties, adhesive properties, 
chemical resistance, etc., by incorporating a specific cycloolefin-based resin and a cross-linker into 
the compsn. 

CONSTITUTION: This compsn. contains an epoxidized cycloolefin-based resin, pref. an epoxidized 
thermoplastic norbornene-based resin (e.g. one obtd. by hydrogenating a polymer obtd. by the ring- 
opening polymn. of 6-methyl-1 ,4; 5,8-dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene), and a 
cross-linker, pref. a thermally activated curative or a photoreactive substance, [e.g. 4,4'- 
bisazidobenzal(4-methyl)cyclohexanone]. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A resin composition containing cyclic olefin system resin which has an epoxy group, and a 
cross linking agent. 

[Claim 2]The resin composition according to claim 1 whose cyclic olefin system resin is thermoplastic 
norbornene system resin. 

[Claim 3]The resin composition according to claim 1 or 2 which is a hardening agent or a photoactive 
substance to which a cross linking agent demonstrates the capability with heating. 
[Claim 4]A bridge construction thing produced by constructing a bridge in the resin composition 
according to claim 1, 2, or 3. 

[Claim 5]An insulating material containing the resin composition according to claim 1, 2, or 3. 
[Claim 6]An insulating material which constructs a bridge in the resin composition according to claim 
1, 2, or 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention about the resin composition which constitutes the insulating 
material which can form the thin film excellent in heat resistance, solvent resistance, low water 
absorption property, electric insulation, adhesion, chemical resistance, etc., and this insulating 
material, It is related with the resin composition which constitutes the exaggerated coating material 
or the layer insulation material and this exaggerated coating material, or layer insulation material used 
for the circuit board used especially for various electric appliances, electronic parts, and a 
semiconductor device. However, the insulating material of this invention is not limited to use of the 
above technical fields, can be used in various fields taking advantage of the characteristics, such as 
the above outstanding heat resistance, solvent resistance, low water absorption property, electric 
insulation, and chemical resistance, and is used especially for formation of a thin film. 
[0002] 

[Description of the Prior Art]The semiconductor in the electronics industry field, IC, a hybrid IC, As 
insulating materials, such as an exaggerated coating material used for a printed wired board, a display 
device, a display piece, etc., or layer insulation material, various things, such as a passivation film, a 
solder resist, resist for plating, layer insulation material, and a moisture-proof protective film, are 
known. As for these insulating materials, highly-efficient-izing and high-reliability have been desired 
more with the miniaturization of electronic parts in recent years, densification, or improvement in the 
speed. Conventionally, as a resin composition which constitutes these insulating materials, an epoxy 
resin system constituent, polyimide system resin, or a polybutadiene system constituent is known. 
However, an epoxy resin and polyimide resin had a problem in respect of moisture resistance, and 
polybutadiene system resin had a problem in respect of the heat resistance of what has good 
moisture resistance. As a solder resist or an object for plating for resist, in connection with 
densification, such as wiring, etc., photosensitivity is given and the thing in which micro processing is 
possible has been needed in recent years. In order to satisfy the characteristic required for insulating 
materials, such as the above exaggerated coating materials or layer insulation material, a new 
material is desired, and use of the cyclic olefin system resin which has a good electrical insulating 
characteristic with heat resistance can be considered. However, since cyclic olefin system resin was 
thermoplastics, there were problems, like that adhesion with inorganic materials, such as that heat 
resistance is not necessarily enough and silicon, is not enough and when multilayering, a lower layer 
will be invaded with a solvent. As conventional technology for solving such a problem, For example, in 
the copolymer of a norbornene type monomer and ethylene, the method of improving heat resistance, 
solvent resistance, etc. is proposed sulfur bridge construction, organic peroxide bridge construction, 
electron beam bridge construction, or by carrying out radiation-induced crosslinking (JP,62-34924,A). 
However, it became clear that there was a problem in application to insulating materials, such as an 
exaggerated coating material or layer insulation material, from which point [ need / sulphuric remains 
the preservation stability of blend liquid, and great plant-and-equipment investment / these 
methods ]. 
[0003] 

[Problem(s) to be Solved by the Invention]This invention by providing the resin composition which 
constitutes the insulating material and these insulating materials which can form the thin film 
excellent in heat resistance, solvent resistance, low water absorption property, electric insulation, 
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adhesion, chemical resistance, etc., such as an exaggerated coating material or layer insulation 

material, It aims at solving the problem of the above insulating materials. 

[0004] 

[Means for Solving the Problem]If this invention persons make a resin composition which made resin 
which introduced an epoxy group into cyclic olefin system resin represented with thermoplastic 
norbornene system resin distribute a cross linking agent construct a bridge after thin film forming, By 
low water absorption property, without spoiling the good electrical property of cyclic olefin system 
resin and by using a photoactive compound as that an insulator layer excellent in heat resistance, 
solvent resistance, electric insulation, adhesion, and chemical resistance can be formed, and a cross 
linking agent, It finds out that it is possible to also give photosensitivity furthermore, and came to 
complete this invention. That is, the 1st and the 2nd are related with cyclic olefin system resin which 
has an epoxy group of this invention at a cross linking agent, a resin composition which blended a 
bridge construction auxiliary agent and other additive agents if needed further, and its bridge 
construction thing. The 3rd of this invention is related with insulating materials containing said 1st 
and 2nd constituents, such as an exaggerated coating material or layer insulation material. The 4th of 
this invention is related with insulating materials which construct a bridge in said 1st or 2nd 
constituent, such as an exaggerated coating material or layer insulation material. 
[0005]As cyclic olefin system resin used by this invention, a hydrogenation thing of random addition 
type copolymers of a polymer of a norbornene type monomer, a norbornene type monomer, and other 
monomers with copolymerizable alpha olefins and these (**) polymers, etc. can be mentioned, for 
example. These cyclic olefin system resin can be manufactured by the publicly known polymerizing 
method, and the polymerization has an addition condensation method and a ring-opening- 
polymerization method for having used an endocyclic double bond of a NORUBONEN type monomer. 
Hereafter, it illustrates still in detail about a kind of cyclic olefin system resin used by this invention, 
(a) An addition copolymer of the resin (b) norbornene type monomer, and ethylene and alpha olefins 
which hydrogenated a ring breakage (**) polymer of a norbornene type monomer, Or an addition (**) 
polymer of a norbornene type monomer produced by making carry out the addition (**) 
polymerization of the resin (c) norbornene type monomer which hydrogenated this copolymer, Or the 
ring breakage (**) polymer (e) norbornene type monomer and nonconjugated diene of the resin (d) 
norbornene type monomer which hydrogenated this addition (**) polymer, The resin above (a), (b), 
and (c) acquired by hydrogenating the addition copolymer (f) aforementioned (e) polymer with other 
monomers if needed, [ and ] It is thermoplastic saturation norbornene system resin, and the above (d) 
and (e) is thermoplastic norbornene system resin which has a carbon-carbon double bond in 
intramolecular. Cyclic olefin system resin which has an epoxy group used by a method of this 
invention can be obtained by introducing an epoxy group into cyclic olefin system resin like the above 
by a reaction of degeneration. As a reaction of degeneration. [ whether the grafting reaction of the 
epoxy group content unsaturated monomer is carried out, for example to thermoplastic saturation 
norbornene resin of (i) aforementioned (a), (b), and (c), and ] Or epoxidation by epoxidation agents, 
such as a peroxy acid and hydroperoxide, etc. can perform to thermoplastic norbornene system resin 
which has a carbon-carbon double bond in intramolecular of (ii) aforementioned (d) and (e) directly. 
Cyclic olefin system resin which has an epoxy group used by this invention, An epoxy group by resin 
which it has in an inside of a chain, a side chain, or an end piece the number average molecular 
weight (GPC analytical value which uses cyclohexane as a solvent), 5000-200,000 — it is a thing of 
8000-100,000 preferably, and content of an epoxy group is polymer or a resin weight reference on 
the basis of oxygen weight of an epoxy group, and is 0.1 to 3% of the weight of a rate preferably 0.05 
to 5% of the weight. [ usually, ] A manufacturing method of cyclic olefin system resin which has said 
epoxy group is explained still in detail below. 

[0006](i) Manufacture thermoplastic saturation norbornene system resin by graft-ized point ** of an 
epoxy group content unsaturated monomer, and the following various methods. 

(a) Titanium and a tungsten compound are made into a catalyst by a publicly known ring-opening- 
polymerization method, The ring breakage (**) polymerization at least of a kind of above-mentioned 
norbornene type monomer is carried out, a ring breakage (**) polymer is manufactured, subsequently 
a carbon-carbon double bond in said ring breakage (**) polymer is hydrogenated by the usual 
hydrogenation method, and thermoplastic saturation norbornene system resin is manufactured. 

(b) At least a kind of NORUBONEN type monomer and unsaturated monomers, such as ethylene and 
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alpha olefins, If addition copolymerization is carried out by a publicly known method using a transition 
metal compound (for example, titanium compound) / aluminium compound system catalyst, a 
copolymer is obtained and there is necessity, this copolymer will be hydrogenated and thermoplastic 
saturation norbornene system resin will be manufactured. 

(c) A kind of norbornene type monomer is used for a transition metal compound (for example, 
titanium compound) / aluminium compound system catalyst, or a catalyst of a palladium system at 
least, An addition (**) polymerization is carried out by a publicly known method, an addition (**) 
polymer is manufactured, an addition (**) polymer obtained if needed is hydrogenated, and 
thermoplastic saturation norbornene system resin is manufactured. In that case, after a 
polymerization (**), it hydrogenates and the above (b) and a polymer (**) of (c) are saturated, 
although a carbon-carbon double bond exists in intramolecular depending on a kind of norbornene 
type monomer to be used, a hydrogenation rate in these resin — from a viewpoint of heat resistance 
or photodegradation-proof nature — usually — it is not less than 99% more preferably not less than 
95% not less than 90%. 

[0007]The grafting reaction of the epoxy group content unsaturated monomer is carried out to the 
thermoplastic saturation norbornene system resin (a), (b), or (c) manufactured as mentioned above, 
and an epoxy group is introduced into it. A method to which a grafting reaction makes resin and an 
epoxy group content unsaturated monomer react in a solution using radical generators, such as 
peroxide (solution technique), Or it can carry out by a method (scorification) to which carry out melt 
kneading of resin, an epoxy group content unsaturated monomer, and the radical generator, and they 
are made to react. 

(ii) Direct epoxidation (d) A ring breakage (**) polymer produced by carrying out the ring breakage 
(**) polymerization of a kind of norbornene type monomer at least, and (e) — an addition copolymer 
produced by carrying out copolymerization of other copolymerizable unsaturated monomers a kind of 
norbornene type monomer, noncor\jugated diene, and if needed at least has a carbon-carbon double 
bond in intramolecular. An epoxy group can be introduced by making an epoxidation agent act on 
these thermoplastic saturation norbornene system resin. Under the present circumstances, peroxy 
acids and hydro-peroxide can be raised as an epoxidation agent to be used. As peroxy acids, there 
are peracetic acid, perbenzoic acid, trifluoroperacetic acid, etc., for example. Among these, peracetic 
acid is manufactured in large quantities industrially, can be obtained cheaply, and since stability is 
also high, it is a desirable epoxidation agent. As hydro-peroxide, there are hydrogen peroxide, 
tertiary-butyl hydro-peroxide, cumene peroxide, etc. An epoxidation reaction can be performed by a 
publicly known method, and cyclic olefin system resin which has the target epoxy group by this can 
be obtained. 

[0008]As a cyclic olefin system monomer used in order to manufacture cyclic olefin system resin 
used by this invention, A norbornene type monomer currently indicated by JP,3-14882,A, JP,3- 
122137A JP.2-227424.A, and JP,2-276842,A can be mentioned. As a norbornene type monomer, for 
example Norbornene, a dicyclopentadiene, Dimethano octahydronaphthalene, dimethano 
cyclopentadieno naphthalene, An addition of 3 - a tetramer, a cyclopentadiene, tetrahydro indene, 
etc. of a cyclopentadiene; Alkyl of these norbornene type compound, Alkylidene, an aromatic 
substitution derivative; polar group substituted derivatives, such as halogen of substitution or an 
unsubstituted norbornene type compound, a hydroxy! group, an ester group, an alkoxy group, a cyano 
group, an amide group, an imido group, and a silyl group, etc. can be mentioned. As a norbornene type 
monomer, more specifically, For example, 2-norbornene, 5-methyl-2-norbornene, 5,5-dimethyl- 2- 
norbornene, 5-ethyl-2-norbornene, 5-butyl-2-norbornene, 5-ethylidene-2-norbornene, 5- 
carbomethoxy-2-norbornene, 5-cyano 2-norbornene, 5-methyl-5-carbomethoxy-2-norbornene, 5- 
phenyl-2-norbornene, 5-phenyl-5-methyl-2-norbornene; A dicyclopentadiene, 2,3- 
dihydrodicyclopentadiene; 6-methyl-1 ,4:5,8-dimethano- 1,4,4a,5,6, 7,8,8a-octahydronaphthalene, 6- 
ethyl-1 ,4:5,8-dimethano- 1,4,4a,5,6, 7,8,8a-octahydronaphthalene, 2,3-cyclopentadieno naphthalene 
and 6-ethylidene-1,4:5,8-dimethano- 1,4,4 a,5,6,7,8,8a-octahydronaphthalene and 6-chloro-1, 4:5,8- 
dimethano- 1,4,4a,5,6, 7,8,8a-octahydronaphthalene, 6-cyano 1,4:5,8-dimethano- 1,4,4a,5,6, 7,8,8a- 
octahydronaphthalene, 6-pyridyl 1,4:5,8-dimethano- 1,4,4a,5,6, 7,8,8a-octahydronaphthalene, 6- 
carbomethoxy-1,4:5,8-dimethano- 1,4,4 a,5,6,7,8,8a-octahydronaphthalene; 1,4:5 f 8-dimethano- 
1,2,3,4,4 a,5,8,8a-octahydro 2,3-cyclopentadieno naphthalene, 1,4: 5,10: 6,9-trimethano 1,2,3,4,4 a,5,5 
a,6,9,9 a,10,10a-dodecahydro-2,3-cyclopentadieno anthracene; A 1 ,4-methano-1 ,4,4 a,4 b,5,8,8 a,9a- 
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octahydro fluorene, 5,8-methano-1 ,2,3,4,4 a,5,8,8a-octahydro 2,3-cyclopentadieno naphthalene etc. 
can be mentioned. These norbornene type monomers are independent, respectively, or can be used 
combining two or more sorts. Also in these, dimethano octahydronaphthalene, such as the 6-methyl- 
1,4:5,8-dimethano- 1, 4, 4a, 5, 6, 7, and 8 and 8a-octahydronaphthalene (MTD). A dicyclopentadiene 
(DCP), 5-ethylidene-2-norbornene (ENB), and two or more sorts of these mixtures are preferred. 
[0009]As said norbornene type monomer and a copolymerizable unsaturated monomer, Ethylene, 
propylene, 1 -butene, a 3-methyM -butene, 1-pentene, 3-methyM -pentene, 4-methyl-1 -pentene, 1- 
hexene, 1-octene, 1-decene, 1-dodecen, 1-tetra decene, 1-hexa decene, Alpha olefins, such as 1- 
icosene; Cyclopentene, a cyclohexene, Alicyclic olefins, such as 3,4-dimethylcyclopentene, 3- 
methylcyclohexene, and a 2-(2-methylbutyl)-1 -cyclohexene, Norbornene type alicyclic olefin;1,4- 
hexadiene of **, such as vinyl aromatic compounds, such as styrene and alpha-methylstyrene, and 
3a,5,6,7a-tetrahydro 4,7-methano-1H-indene, 1,6-octadien, 2-methyl-1,5-hexadiene, the 6-methyh 
1, 5-heptadiene, 7-methyM ,6-octadien, cyclohexadiene, a dicyclopentadiene, Methyl tetrahydro 
indene, divinylbenzene, 1,5-hexadiene, nonconjugated diene;2~propenyl-2,5-norbornadiene like 
norbornadiene, 1 ,3,5-octatrien, The trien like 1 ,4,9-decatrien can be illustrated. When manufacturing 
an addition copolymer of a norbornene type monomer / noncor\jugated diene, or an addition 
copolymer of norbornene type monomer / nonconjugated diene/and other unsaturated monomers, it 
can replace with nonconjugated diene like the above, and norbornene type noncor\jugated diene can 
also be used. As such norbornene type nonconjugated diene, For example, 5-vinyl norbornene, 5- 
ethylidene-2-norbornene (ENB), 5-methylene-2-norbornene, 5-isopropylidene-2-norbornene, 6- 
chloromethyl 5-isopropenyl-2-norbornene, etc. can be mentioned. Therefore, as an addition 
copolymer (e) like the above, MTD/ENB/ethylenic copolymer is included, for example. When carrying 
out copolymerization of a norbornene type monomer and these unsaturated monomers, the amount of 
these unsaturated monomers used can be suitably defined according to a kind of unsaturated 
monomer, the physical properties of copolymerization to generate, etc. a case where ethylene is used 
as an unsaturated monomer — the amount of ethylene used — usually — less than 80 mol % — 
desirable — less than 70 mol % — it is less than 60 mol % more preferably, a case where 
copolymerization of the unsaturated monomers other than ethylene is carried out for refining of 
molecular weight regulation or resin — these unsaturated monomers — usually — less than 30 mol % 
— desirable — less than 20 mol % — it is more preferably used at a rate not more than 10 mol %. 
[0010]As an epoxy group content unsaturated monomer, specifically, For example, glycidyl ester of 
unsaturation monocarboxylic acid, such as glycidyl acrylate, glycidyl methacrylate, and p-styryl 
carboxylic acid glycidyl; bicyclo [ maleic acid, itaconic acid, citraconic acid, butene tricarboxylic acid 
and / ****- ] 2, [2, 1] Bicyclo [ hept 5-ene- 2,3-dicarboxylic acid and / ****- ] 2, [2, 1] 
Monoglycidyl ester or poly glycidyl ester species of unsaturation polycarboxylic acid, such as hept 5- 
ene- 2-methyl-2,3-dicarboxylic acid; Allyl glycidyl ether, 2-methyl allyl glycidyl ether, glycidyl ether of 
o-allylphenol, Glycidyl ether of m-allylphenol, glycidyl ether of p-allylphenol, Glycidyl ether of 
isopropenylphenol, glycidyl ether of o-vinylphenol, Unsaturation glycidylethers;2-(o-vinylphenyl) 
ethylene oxide, such as glycidyl ether of m-vinylphenol, and glycidyl ether of p-vinylphenol, 2-(p- 
vinylphenyl) ethylene oxide, 2-(o-allylphenyl) ethylene oxide, 2-(p-allylphenyl) ethylene oxide, 2-(o- 
vinylphenyl) propylene oxide, 2-(p-vinylphenyl) propylene oxide, 2-(o-allylphenyl) propylene oxide, 2- 
(p-allylphenyl) propylene oxide, p-glycidyl styrene, a 3,4-epoxy-1 -butene, a 3,4-epoxy-3-methyl-1- 
butene, 3,4-epoxy-1 -pentene, 3,4-epoxy-3-methyl-1 -pentene, a 5,6-epoxy-1-hexene, 
vinylcyclohexene monoxide, allyl-2,3-epoxy cyclopentylether, etc. are illustrated. 
[0011]As cyclic olefin system resin which has an epoxy group of this invention, It may be 
independent, epoxy content cyclic olefin system resin by above-mentioned various methods can be 
combined and used, and it may be a mixture of epoxy content cyclic olefin system resin and cyclic 
olefin system resin which does not contain epoxy. Cyclic olefin system resin which has these epoxy 
groups, May contain functional groups, such as a hydroxyl group, an ester group, an organic silicon 
group, and a carboxylic acid group, besides an epoxy group, and by request, antiaging agent [, such as 
a phenol system and the Lynn system, ]; — heat deterioration inhibitors [, such as a phenol 
system, ]; — UV stabilizer [, such as a benzophenone series, ]; — various additive agents, such as 
sprays-for~preventing-static-electricity [, such as an amine system, ];, may be added. Other resin, 
rubber, a filler, etc. can also be mixed and used in the range which does not spoil the purpose of this 
invention. 
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[0012]** Generally a cross linking agent used in order to make thermoplastic cyclic olefin system 
resin which has an epoxy group by cross linking agent this invention construct a bridge is known as a 
cross linking agent, and a hardening agent, a photoactive substance, etc. which demonstrate the 
capability with heating can be used for it. A hardening auxiliary agent and a bridge construction 
auxiliary agent like a sensitizer suitable for such a cross linking agent can also be added. As for a 
hardening agent which carries out crosslinking reaction of the thermoplastic cyclic olefin system resin 
which has an epoxy group, and deals in it with heating, aliphatic polyamine, alicycle fellows polyamine, 
aromatic polyamine, screw azide, an acid anhydride, dicarboxylic acid, polyhydric phenol, polyamide, 
etc. are mentioned as an epoxy resin hardener, as such a hardening agent — aliphatic polyamine; 
diaminocyclohexane [, such as hexamethylenediamine, triethylenetetramine, diethylenetriamine, and 
tetraethylenepentamine, ] and 3(4)8(9)-bis(aminomethyl)tricyclo [5,2,1, 0 2 ' 6 ] Deccan; 1,3- 
(diaminomethyl) cyclohexane, MENSENJI amine, Isophoronediamine, N-aminoethyl piperazine, bis(4- 
amino-3-methylcyclohexyl)methane, Alicycle fellows polyamine, such as bis(4-aminocyclohexyl) 
methane; 4,4-diamino diphenyl ether, 4,4'-diaminodiphenylmethane, alpha, and alpha -bis(4- 
aminophenyl)-1 ,3-diisopropylbenzene, alpha and alpha ? -bis(4-aminophenyl)-1 ,4-diisopropylbenzene, 
Non [, such as 4,4'-diaminodiphenyl sulfone and a rneta-phenylenediamine / aromatic polyamine;4,4'~ 
screw azide benzal (4-methyl) cyclohexane ], 4,4'-diazido CULCON, 2,6-bis(4 -azide benzal) 
cyclohexanone, 2,6-bis(4'-azide benzal)-4-methyl-cyclohexanone, 4,4'-diazide diphenyl sulfone, 4, 
and 4'-diazide diphenylmethane, Screw azides, such as a 2,2'-diazido stilbene; Phthalic anhydride, 
pyromellitic dianhydride, a benzophenone tetracarboxylic anhydride, a NAJIKKU acid anhydride, a 1,2- 
cyclohexanedicarboxylic acid anhydride, Acid anhydrides, such as maleic anhydride modified 
polypropylene and maleic anhydride denaturation cyclic olefin system resin; Fumaric acid, 
Dicarboxylic acid, such as phthalic acid, maleic acid, trimellitic acid, and himic acid; Phenol novolak 
resin, Polyhydric phenol, such as cresol novolak resin; Nylon 6, Nylon 66, Nylon 610, Nylon 11, Nylon 
612, Nylon 12, Nylon 46, N-methoxymethylated polyamide, Polyamide [, such as polyhexamethylene 
diamine terephthalamide and polyhexamethyleneisophthalamide, ]; etc. are mentioned. These may also 
use a kind as two or more sorts of mixtures. Also in these, aliphatic series system polyamine and 
aromatic system polyamine are [ that it is easy to make it distribute uniformly ] preferred. It is also 
possible to blend a hardening auxiliary agent if needed and to raise efficiency of crosslinking reaction. 
Loadings of said hardening agent are preferably used in the range of one to 20 weight section 0.1 to 
30 weight section to cyclic olefin system resin 100 weight section from a field etc. of measuring a 
physical-properties improvement of a bridge construction thing which is made to perform crosslinking 
reaction efficiently and is obtained, and economical efficiency, although there is no restriction in 
particular. Since the characteristics, such as the electrical property of resin which constructed the 
bridge when bridge construction did not take place easily when there was too little quantity of a 
hardening agent, sufficient solvent resistance and heat resistance could not be obtained and it was 
too large, a water resisting property, and moisture resistance, fall, it is not desirable. As a hardening 
auxiliary agent, amines, such as pyridine, benzyldimethylamine, triethanolamine, triethylamine, and 
imidazole derivatives, etc. are illustrated, and a cure rate is adjusted, or it is added in order to 
improve efficiency of crosslinking reaction further. Loadings of a hardening auxiliary agent are 
preferably used in the range of one to 20 weight section 0.1 to 30 weight section to cyclic olefin 
system resin 100 weight section, although there is no restriction in particular. 
[0013]There are a method of mixing a hardening auxiliary agent in a resin solution as a method of 
distributing uniformly to cyclic olefin system resin which has an epoxy group a hardening agent or if 
needed, dissolving and distributing it, and removing a solvent to it, a method of mixing and distributing, 
after resin has fused, etc. As directions of these heat cross-linking cyclic olefin system resin 
compositions, the cast of the resin solution is carried out, and it is used, considering it as a film or 
fusing at temperature whose temperature or bridge construction speed which does not construct a 
bridge is slow enough. A solvent of a resin solution is not limited especially as long as resin is 
dissolved, for example, toluene, xylene, ethylbenzene, trimethyl benzene, chlorobenzene, a decalin, a 
tetralin, etc. can be used for it. In a method of carrying out melting of the resin and adding a 
hardening agent, melting, mixing, and distribution must be able to be performed at temperature from 
which crosslinking reaction does not occur, and this method cannot be used depending on 
combination. Also in a method of adding to a resin solution, when heating in order to remove a 
solvent, it is necessary to carry out temperature setting so that bridge construction may not take 
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place. After fabricating a cyclic olefin system resin composition which has these epoxy groups in 
shape of a request of a film etc. f it can be used as a bridge construction thing with heating beyond a 
room temperature. Although 30 ** - 400 ** are 100 ** - 350 ** preferably as a temperature 
although optimal conditions change with kinds of hardening agent, and it will be 10 minutes - about 5 
hours preferably as time on several seconds - the 1st, it is not limited to in particular this. 
[0014]In this invention, a photoactive compound can be used as a cross linking agent. With a 
photoactive compound here, by the exposure of active light, such as ultraviolet rays, such as g line, h 
line, and i line, a far ultraviolet ray, x line, and an electron beam. It reacts to this cyclic olefin resin, 
especially if it is a substance which generates a bridged compound, it is not limited, but an aromatic 
system screw azide compound, an optical amine generating agent, a photo-oxide generating agent, 
etc. are mentioned, for example. Hereafter, an aromatic system screw azide compound, an optical 
amine generating agent, and a photo-oxide generating agent are explained concretely. 

(i) As an example of an aromatic system screw azide compound aromatic system screw azide 
compound, 4,4'-diazido CULCON, 2,6-bis(4'-azide benzaOcyclohexanone, 2,6-bis(4'-azide benzal)4- 
methylcyclohexanone, 4,4'-diazide diphenyl sulfone, 4,4'-diazido benzophenone, 4,4 -diazide diphenyl, 
2,2-diazido stilbene, 4,4'-diazido 3,3 -dimethyldi phenyl, 2,7-diazido fluorene, 4, and 4'-diazide 
diphenylmethane etc. are mentioned as an example of representation. These can be used even if it 
also combines two or more sorts of kinds. 

(ii) As an example of an optical amine generating agent light amine generating agent, o-nitro 
benzyloxy carbonyl **-****-** of aromatic amine or fatty amine, They are illustrated by 2,6-dinitro 
benzyloxy carbonyl **-****-** or alpha, and alpha-dimethyl- 3,5-dimethoxy benzyloxy carbonyl **- 
****-** object etc., and specifically, Aniline, cyclohexylamine, piperidine, hexamethylenediamine, 
TORIECHI rente truck amine, 1,3-(diaminomethyl) cyclohexane, 4,4-diamino diphenyl ether, 4,4'- 
diaminodiphenylmethane, An o-nitro benzyloxy carbonyl **-****-** [, such as a phenylenediamine, ], 
2,6-dinitro benzyloxy carbonyl **-****-** or alpha, and alpha-dimethyl- 3,5-dimethoxy benzyloxy 
carbonyl **-****-** object is mentioned. These can be used even if it also combines two or more 
sorts of kinds. 

[0015](iii) A photo-oxide generating agent photo-oxide generating agent is a substance which 
generates Broensted acid or Lewis acid by the exposure of active light, For example, onium salt, a 
halogenated organic compound, a quinone diazide compound, An alpha and alpha-bis(sulfonyl) 
diazomethane system compound, an alpha-carbonyl alpha-sulfonyl diazomethane system compound, 
sulfone compounds, an organic acid ester compound, an organic acid amide compound, an organic 
acid imide compound, etc. are mentioned. As an example of onium salt, un-replacing, an alkyl group 
replaced symmetrically or asymmetrically, Diazonium salt, ammonium salt, iodonium salt, sulfonium 
salt, phosphonium salt, arsonium salt, oxonium salt, etc. which have an alkenyl group, an aralkyl group, 
an aromatic group, and a heterocycle-like group are mentioned. If it is a compound which can form an 
opposite anion as an example of an opposite anion of these onium salt, it is not limited in particular, 
but boron acid, arsenic acid, phosphoric acid, antimonic acid, sulfonic acid, carboxylic acid, or these 
halogenides are mentioned. If a halogenated organic compound is a halogenide of an organic 
compound, there will be no restriction in particular, and various kinds of publicly known compounds 
are possible, and as an example, A containing halogen oxadiazole system compound, containing 
halogen triazine compound, A containing halogen acetophenone series compound, a containing 
halogen benzophenone series compound, A containing halogen sulfo KISAIDO system compound, a 
containing halogen sulfone series compound, A containing halogen thiazole system compound, a 
containing halogen oxazol system compound, Various compounds, such as a containing halogen 
triazole compound, a containing halogen 2-pyrone system compound, a containing halogen aliphatic 
hydrocarbon compound, a containing halogen aromatic hydrocarbon compound, other containing 
halogen heterocycle-like compounds, and a sulfenyl halide system compound, are mentioned. 
[0016]Furthermore, as a halogenated organic compound, tris (2, 3-dibromopropyl) phosphate, Tris 
(2,3-dibromo-3-chloropropyl) phosphate, chloro tetrabromo ethane, Hexachlorobenzene, 
hexabromobenzene, a hexabromocyclododecane, Hexabromobiphenyl, tribromophenyl allyl ether, 
tetrachlorobisphenol A, Tetrabromobisphenol A, bis(bromoethyl ether)tetrabromobisphenol A, Bis 
(chloroethyl ether)tetrachlorobisphenol A, tris (2, 3-dibromopropyl) isocyanurate, 2,2-bis(4-hydroxy- 
3,5-dibromophenyOpropane, Halogen-containing fire retardant, such as 2,2-bis(4-hydroxyethoxy~3,5- 
dibromophenyOpropane, Dichlorodiphenyltrichloroethane, benzene hexachloride, Pentachlorophenol, 
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2,4,6-trichlorophenyl-4-nitrophenyl ether, 2,4-dichlorophenyl 3-methoxy-4 -nitrophenyl ether, acetic 
acid, 4,5,6,7-tetrachloro fthalide, 1,1-bis(4-chlorophenyl)ethanol, 1,1-bis(4-chlorophenyl)-2, 2, and 2- 
trichloroethanol, Organic chloro system agricultural chemicals, such as an ethyl-4,4-dichloro 
benzorate, a 2,4,5,4'-tetra chlorodiphenyl sulfide, and 2,4,5,4'-tetrachloro diphenylsulfone, etc. are 
mentioned. As an example of a quinone diazide compound, 1 ,2-benzoquinone diazido 4-sulfonic ester, 
1,2-naphthoquinonediazide 4-sulfonic ester, 1,2-naphthoquinonediazide 5-sulfonic ester, 1,2- 
naphthoquinonediazide 6-sulfonic ester, 2,1-naphthoquinonediazide 4-sulfonic ester, 2,1- 
naphthoquinonediazide 5-sulfonic ester, 2,1-naphthoquinonediazide 6-sulfonic ester, Sulfonic ester of 
other quinone diazide derivatives, 1,2-benzoquinone diazido 4-sulfonic acid chloride, 1,2- 
naphthoquinonediazide 4-sulfonic acid chloride, 1,2-naphthoquinonediazide 5-sulfonic acid chloride, 
1,2-naphthoquinonediazide 6-sulfonic acid chloride, 2,1-naphthoquinonediazide 4-sulfonic acid 
chloride, o-quinone azide compounds, such as 2,1-naphthoquinonediazide 5-sulfonic acid chloride, 

2.1- naphthoquinonediazide 6-sulfonic acid chloride, and sulfonic acid chloride of other quinone azido 
derivatives, are mentioned. 

[0017]As an example of an alpha and alpha-bis(sulfonyl)diazomethane system compound, alpha and 
alpha-bis(sulfonyl)diazomethane etc. which have un-replacing, an alkyl group replaced symmetrically 
or asymmetrically, an alkenyl group, an aralkyl group, an aromatic group, and a heterocycle-like group 
are mentioned. As an example of an alpha-carbonyl alpha-sulfonyl diazomethane system compound, 
alpha-carbonyl alpha-sulfonyl diazomethane etc. which have un-replacing, an alkyl group replaced 
symmetrically or asymmetrically, an alkenyl group, an aralkyl group, an aromatic group, and a 
heterocycle-like group are mentioned. As an example of sulfone compounds, sulfone compounds, a 
disulfon compound, etc. which have un-replacing, an alkyl group replaced symmetrically or 
asymmetrically, an alkenyl group, an aralkyl group, an aromatic group, and a heterocycle-like group 
are mentioned. As an example of organic acid ester, carboxylate which has un-replacing, an alkyl 
group replaced symmetrically or asymmetrically, an alkenyl group, an aralkyl group, an aromatic group, 
and a heterocycle-like group, sulfonic ester, etc. are mentioned. As an example of organic acid amide, 
carboxylic amide, sulfonic acid amide, etc. which have un-replacing, an alkyl group replaced 
symmetrically or asymmetrically, an alkenyl group, an aralkyl group, an aromatic group, and a 
heterocycle-like group are mentioned. As an example of organic acid imide, carboxylic acidimide, 
sulfonic acidimide, etc. which have un-replacing, an alkyl group replaced symmetrically or 
asymmetrically, an alkenyl group, an aralkyl group, an aromatic group, and a heterocycle-like group 
are mentioned. It may be split by the exposure of such active light, and a compound which can 
generate acid may be independent, or two or more sorts may be mixed and it may be used. 
[0018]An addition of these photoactive compounds makes a reaction with this cyclic olefin resin 
perform efficiently, although there is no restriction in particular, It is preferably used in the range of 
one to 20 weight section 0.1 to 30 weight section to cyclic olefin system resin 100 weight section 
from fields, such as not spoiling the physical properties of bridge construction resin obtained by 
maintaining a developing characteristic good, and economical efficiency. If a reaction with cyclic olefin 
resin will not occur easily if there are too few additions of a photoactive substance, sufficient 
sensitivity and contrast cannot be acquired and it is too large, since the characteristics, such as the 
electrical property of a resin part which constructed the bridge, a water resisting property, and 
moisture resistance, fall, it is not desirable. Although first carrying out heat cure of the photosensitive 
resin composition which consists of cyclic olefin system resin which has said epoxy group first, and a 
photoactive compound in this invention, carrying out optical bridge construction behind, and obtaining 
a bridge construction hardened material is also considered, In this case, there is a problem that 
pattern formation is impossible by the solvent developing-negatives method, and it is not desirable. A 
photoactive compound said optical bridge construction hardened material of this invention with a 
portion which is not an epoxy group of cyclic olefin system resin which has said epoxy group by the 
exposure of active light mainly, Or it reacts to some epoxy groups, a bridge is constructed, and 
photosensitivity is given, and it is surmised whether does a reaction with cyclic olefin system resin 
which has said epoxy groups including an epoxy group with heating progress further, and heat 
resistance of this optical bridge construction hardened material improves. 

[0019]In a photosensitive resin composition of this invention, a sensitizer, preservation stabilizer, etc. 
can be added according to a request. As an example of a sensitizer, benzophenone, anthraquinone, 

1.2- naphthoquinone, 1,4-naphthoquinone, benzanthrone, p,p'-tetramethyldiaminobenzophenone, 
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Carbonyl compounds, such as chloranil, nitrobenzene, p-dinitrobenzene, Aromatic hydrocarbon, such 
as nitro compounds, such as 2-nitrofluorene, anthracene, and a chrysene, Although nitrogen 
compounds, such as sulfur compounds, such as diphenyldisulfide, a nitroaniline, a 2-chloro-4- 
nitroaniline, 5-nitro 2~toluidine, and tetracyanoethylene, etc. can be mentioned, it is not limited to 
these. As an example of preservation stabilizer, hydroquinone, methoxy phenol, Hydroxy aromatic 
compounds, such as p-t-butylcatechol and 2,6-di-t-butyl-p-cresol, Amines, such as quinone, such 
as benzoquinone and p-torr quinone, and phenyl-alpha-naphthylamine, Although sulfur compounds, 
such as 4,4'-thiobis (6-t-butyl-3-methyl phenol) and 2,2-Thiobis (4-methyl-6-t-butylphenol), can be 
raised, it is not limited to these. In order to assist crosslinking reaction with these photoactive 
compounds, said hardening agent which reacts to an epoxy group with heating may be added. 
[0020]A resin composition of this invention is usually dissolved and used for a solvent. As a solvent, 
especially if resin and a cross linking agent are dissolved, it is not limited, but toluene, xylene, 
ethylbenzene, trimethyl benzene, chlorobenzene, a decalin, cyclohexane, a tetralin, a 
methylcyclohexane, etc. can be used, for example. After performing spreading, desiccation, prebaking, 
etc. to a substrate which needs a solution of this resin composition, a heating cure is performed and 
heat resistance and solvent resistance are given. Although conditions of a heating cure change with 
kinds of cross linking agent to be used, as a temperature, 30 ** - 400 **, they are 100 ** - 350 ** 
preferably, and although it is 10 minutes - about 5 hours preferably, they are not several seconds - a 
day, and a thing limited to especially this as time. It is possible to perform processing of perforation 
of this material, etc. after prebaking or a heating cure. What in after prebaking blended a 
photoreaction compound and was made into photosensitivity, After irradiating a spreading side with 
active light through a mask and performing postbake if needed, what is the method of performing 
development and rinse and blended a nonphotosensitive cross linking agent, After forming a pattern in 
resist using resist, a desired pattern can be created by etching with a solvent. When processing it 
after a heating cure, a pattern can be formed in direct materials by the exposure of an excimer laser 
etc. 

[0021 ]An insulating material obtained using a resin composition of this invention is used, for example 
as an exaggerated coating material or layer insulation materials, such as electronic devices, such as a 
semiconductor device, a light emitting diode, and various memories, a hybrid IC, MCM, a printed- 
circuit board or a display piece. For example, it may be used as interlayer insulation films, such as a 
multilayered circuit board of an electronic circuit, a multilayer may be [ but / much more ] sufficient 
as this interlayer insulation film again, and 100 micrometers or less of the thickness is usually 50 
micrometers or less. As how to use exaggerated coating material and layer insulation material, after 
applying to a substrate, for example, perforation etc. are processed as mentioned above if needed, 
and a heating cure gives heat resistance and solvent resistance. Multilayering is also possible by 
repeating this operation. As for an insulation film obtained by this, insulation resistance water 

absorption 0.1% or less usually 10 15 - 10 17 omega/cm, It is 2.3-2.6, and 0.0001 to about 0.01, 
respectively, and compared with an epoxy resin and polyimide resin which are the insulating materials 
used conventionally, a dielectric constant of 1 MHz and a dielectric dissipation factor are low water 
absorption, and are excellent in electrical insulating characteristics, such as a lower dielectric 
constant. On the other hand, even if it contacts a pattern which is equivalent to the conventional 
insulating material as for heat resistance, and was formed to 300 ** solder for 1 minute, 
Abnormalities, such as sagging of a pattern, collapse or a blister, are not accepted, and that of crack 
resistance to various solvents are good, and their adhesion with inorganic materials, such as silicon, 
or metal is also good. An insulating material of this invention has substantially low absorptivity as 
compared with the conventional insulating material, and it is useful for improvement in the reliability 
of a semiconductor device and electronic parts, and has a big merit in simplification of a 
manufacturing process of a semiconductor device and electronic parts by using what has especially 
photosensitivity. Although polyimide resin is generally well used as an insulating material between thin 
film layers, and heat resistance of polyimide resin is high, generally a dielectric constant is 3.5 or 
more, and water absorption is 1% or more. On the other hand, an insulator layer between thin film 
layers formed by an insulating material of this invention is 2.6 or less dielectric constant, and since 
water absorption is also 0.1% or less, it has a big merit for improvement in the speed of an electronic 
circuit, and densification. A reference example, an example, and a comparative example are given to 
below, and this invention is explained to it still more concretely. Epoxy oxygen content of each resin 
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was measured in ^H-NMR. 

[0022]The reference example 16-methyl-1,4:5,8-dimethano- 1, 4, 4a, 5, 6, 7, and 8, thermoplastic 
norbornene system resin which hydrogenated and acquired a ring-opening-polymerization object 
which carried out ring opening polymerization of the 8a-octahydronaphthalene (MTD), and 
manufactured it by a publicly known method [glass transition temperature of 152 **, about 100% of a 
hydrogenation rate: Number average molecular weight about 28,000(polystyrene conversion)] 50 
weight sections, allyl-glycidyl-ether 10 weight section, and 2,5-dimethyl- 2,5-dHtert-butyl peroxide 
hexyne- 3 Five weight sections are mixed, By carrying out melt kneading at 260 ** using a twin 
screw extruder with the 30-mm venting device in diameter, 51 weight sections were obtained for 
epoxy denaturation thermoplasticity norbornene system resin (cord No.A). Glass transition 
temperature of this resin A was 154 ** in glass transition temperature, and was the number average 
molecular weight 26,000 [ about ] (polystyrene conversion). Epoxy oxygen weight content measured 
in 1 H-NMR of this resin A was 0.44% in a polymer weight reference. 

[0023]Thermoplastic norbornene system resin 50 weight section used by the reference example 2 
reference example 1, 5,6-epoxy-1-hexene 6 weight section and JIKUMIRU peroxide 1.5 weight 
section are dissolved into cyclohexane 120 weight section, After performing 150 ** and a 3-hour 
reaction in an autoclave, an obtained resultant solution was poured out into isopropyl alcohol of 240 
weight sections, and a resultant was solidified. Vacuum drying of the solidified epoxy modified polymer 
is carried out at 100 ** for 5 hours, and it is 50 weight-section **** about epoxy denaturation 
thermoplasticity norbornene system resin (cord No.B). Glass transition temperature of this resin B 
was 1 54 **, and was the number average molecular weight 27,000 [ about ] (polystyrene conversion). 
Epoxy oxygen weight content of this resin B was 0.63% in a polymer weight reference. 
[0024]A random addition copolymer of reference example 3 ethylene and MTD [An ethylene 
presentation of 50%, glass transition temperature of 141 **, the number average molecular weight 
30,000 (polystyrene conversion)] 50 weight sections, allyl-glycidyl-ether 10 weight section, and 2,5- 
dimethyl- 2,5-di-tert-butyl peroxide hexyne- 3 Five weight sections are mixed, By carrying out melt 
kneading at 260 ** using a twin screw extruder with a venting device 30 mm in diameter, glass 
transition temperature of this resin C was 140 **, and a number average molecular weight was about 
28,000 (polystyrene conversion). Epoxy group oxygen weight content of this resin C was 0.40% in a 
polymer weight reference. Epoxy denaturation thermoplasticity norbornene system resin (cord No.C) 
51 weight section was obtained. Glass transition temperature of this resin C was 140 ** and the 
number average molecular weight 28,000 (polystyrene conversion). Epoxy oxygen weight content of 
this resin C was 0.40% in a polymer weight reference. 

[0025]Thermoplastic saturation norbornene system resin which carried out ring opening 
polymerization of the mixed monomer (MTD/DCP=70 / 30 mole ratios) of reference example 4MTD 
and a dicyclopentadiene (DCP), and manufactured it and which was obtained by carrying out ring 
breakage copolymerization [Glass transition temperature of 133 **, about 100% of a hydrogenation 
rate, the number average molecular weight 27,000 (polystyrene conversion)] 50 weight sections, 5,6- 
epoxy-1-hexene 6 weight section, and JIKUMIRU peroxide 1.5 weight section were dissolved into 
cyclohexane 120 weight section, and a reaction was performed at 150 ** in an autoclave for 3 hours. 
An obtained resultant solution was poured out into isopropyl alcohol of 240 weight sections, and a 
resultant was solidified. Subsequently, vacuum drying of this resultant was carried out at 100 ** for 5 
hours, and epoxy denaturation thermoplasticity norbornene system resin (cord No.D) 50 weight 
section was obtained. Glass transition temperature of this resin D was 135 **, and was the number 
average molecular weight 26,000 (polystyrene conversion). Epoxy oxygen weight content of this resin 
D was 0.75% in a polymer weight reference. 

[0026]Thermoplastic norbornene system resin which obtained them by a publicly known method by 
carrying out random addition copolymerization of reference example 5MTD, ethylene, and the 5- 
ethylidene-2-norbornene (ENB) [Mole-ratio presentation MTD / ethylene / ENB=45/50 / 5 mole 
ratios, glass transition temperature of 140 **, the number average molecular weight 30,000 
(polystyrene conversion)] Ten weight sections were dissolved in chloroform 100 weight section. 
Peracetic acid solution 1 weight section was supplied to this solution 30%, and it reacted to it at 40 
** for 3 hours. After supplying pure water 100 weight section to reaction mixture after ending 
reaction and agitating for 10 minutes at 30 **, it was neglected for 20 minutes at 30 **. Liquids were 
separated and reaction mixture took out a lower layer chloroform layer. This solution was poured out 
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into isopropanol of 500 weight sections, and was solidified. Vacuum drying of the solidified resultant 

was carried out at 100 ** for 5 hours, and epoxy denaturation thermoplasticity norbornene system 

resin (cord No.E) was obtained. Glass transition temperature of this resin E was 1 40 ** and the 

number average molecular weight 30,000 (polystyrene conversion). Epoxy oxygen weight content of 

this resin E was 0.42% in a polymer weight reference. 

[0027] 

[Example] 

When epoxy denaturation thermoplastics A30 weight section and 4,4'-screw azide benzal (4-methyl) 
cyclohexanone 1 .2 weight section which were obtained by the example 1 reference example 1 were 
dissolved into the xylene 100 weight section, it became a uniform solution, without producing a 
precipitate. 

<Measurement of water absorption> Membranes were formed by the cast method from this solution, 
and, subsequently the film of after-desiccation about 10-micrometer thickness was obtained. The 
cure was performed for this film at 250 ** in nitrogen for 3 hours. The water absorption of this film 
was 0.02%. Water absorption asked for the percentage to the mass of the specimen before flood of 
the mass which increased the specimen after being flooded for 24 hours according to JIS K691 1. 
<Formation (1) of an overcoat film> The aforementioned solution was applied with the spin coat 
method on the silicon wafer in which aluminum wiring was formed on the Si0 2 film of 4000A 

thickness, it prebaked for 60 seconds at 90 **, and the 3.3-micrometer-thick coat was obtained on 
aluminum wiring. 250 ** and a 3-hour heating cure were performed for this sample under nitrogen, 
and the overcoat film of 3 micrometers of thickness was formed. 

<Measurement of adhesion> When the adhesion with an overcoat layer, aluminum, and Si0 2 was 

investigated in the grid peel test, it was good at 100/100. The grid peel test put in the break of 1 1 
every direction each at intervals of 1 mm by the cutter from on the coat, built 100 grids of 1 mm 
around, stuck cellophane adhesive tape on it, and performed this adhesive tape by the method of 
exfoliating in a direction 90 degrees. The number which remained among the grids of 100 pieces is 
counted. 

[0028]<Solvent resistance and chemical-resistant examination> On the aforementioned overcoat 
layer, hang down acetone, isopropanol, xylene, N.N-dimethylformamide, a 50% NaOH aqueous solution, 
and 10% chloride, respectively, neglect it for 10 minutes, and it ranks second, When the overcoat layer 
surface was observed after removing each solvent or medicine, the dissolution, a crack, swelling, etc. 
were accepted at all with neither of the solvents. 

<Solder heat resistance examination> Even if it contacted 300 ** solder for 1 minute, the 
abnormalities of appearance, such as blistering, were not accepted. 

<Durability test> Although the silicon wafer in which the aforementioned overcoat film was formed 
was neglected on condition of 90 ** and 95% humidity for 1000 hours, the abnormalities of 
appearance, such as blistering, the corrosion of aluminum, discoloration, etc. were not accepted. 
<Formation (2) of an overcoat film> The solution prepared above was applied with the spin coat 
method on the wafer in which copper interconnect was formed on the polyimide film of 10- 
micrometer thickness, it prebaked for 60 seconds at 90 **, and the 3.3-micrometer-thick coat was 
formed on copper interconnect. 250 ** and a 3-hour heating cure were performed for the wafer in 
which this coat was formed, under nitrogen, and the overcoat film of 3 micrometers of thickness was 
formed. Thus, about adhesion with the overcoat film, the copper interconnect, and the polyimide film 
which were formed, when investigated in the grid peel test, it was good at 100/100. Although this 
wafer was neglected on condition of 90 ** and 95% humidity for 1000 hours, corrosion, discoloration, 
etc. of the abnormalities of appearance, such as blistering, and copper were not accepted. 
[0029]As shown in the two to example 7 table 1, the combination and the blending ratio of epoxy 
denaturation thermoplasticity norbornene system resin and a hardening agent were changed, and the 
same processing as Example 1 was performed. The result was shown in Table 1. About "adhesion' 7 
and "the corrosion and discoloration of aluminum copper", the wafer in which the overcoat film was 
formed was created two kinds like Example 1, and the overall evaluation of the examination of 
adhesion and endurance was done and carried out, respectively. The result is shown in Tables 1 and 
2. 

[0030] 
[Table 1] 
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example Resin KO Rack Pons Agent Water absorption A 

solvent-proof and - DO (weight section) (%) Chemical resistance (weight section) 
. 1 A 4,4'-screw azide benzal (30) Cyclohexanone (4- 

methyl) (1.2) 0.02 Good 2A 3(4)8(9)-screw (aminomethyl) 0.01 Good (30) Tricyclo [5.2.1. 0 2 ' 6 ] Deccan 
(0.8) 

3 A alpha and alpha -screw (4-aminophenyl) 0.02 Good (30)-1,3-diisopropylbenzene (1.5) 

4 B alpha and alpha-screw (4-aminophenyl) 0.04 Good (30)-1,3-diisopropylbenzene (2.0) 

5 C alpha and alpha-screw (4-aminophenyl) 0.02 Good (30)-1 ,3-diisopropylbenzene (1.3) 

6 D 2,6-screw (4-azide benzal) 0.05 Good (30)-4-methylcyclohexanone (2.5) 7 E alpha and alpha- 
screw (4-aminophenyl) 0.02 Good (30)-1 ,3-diisopropylbenzene (1.4) 
[0031] 

[Table 2] 



mm 


mam) 








i 


A 
(30) 


m 






2 


A 
(30) 


m 


m 




3 


A 
(30) 








4 


B 

(30) 


m 






5 


C 

(30) 


a» 




»L 


6 


D 

(30) 








7 


E 

(30) 


sm 


&& 





[0032]After dissolving epoxy denaturation thermoplasticity norbornene system resin A30 weight 
section and 2,6-bis(4'-azide benzal)-4-methylcyclohexanone 1.5 weight section which were obtained 
by the example 8 reference example 1 in xylene 70 weight section, It filtered with the millipore filter 
with the aperture of 0.22 micrometer, and the photosensitive resin composition was obtained. After 
using the spinner and applying this solution on a silicon wafer, it prebaked for 90 seconds at 80 **, 
and the coat of 15 micrometers of thickness was obtained. After it used the test pattern mask for 
beer hall formation for this coat and the light intensity in 365 nm irradiated it with the ultraviolet rays 
of 5 mW/cm 2 for 30 seconds, negatives were developed using cyclohexane and a 15-50-micrometer 
beer hall was formed. Then, 250 ** and a 3-hour heating cure were performed under nitrogen in oven. 
Next, after carrying out whole surface coppering to this paint film surface and forming the copper 
layer of 5 micrometers of thickness in it, resist was applied and after-exposure development was 
performed using the mask for circuit patterns. This was dipped in ammonium persulfate solution, 
copper was etched, resist was exfoliated, and copper interconnect was formed. In these operations, 
the adhesion between a coat, a silicon wafer, and copper was good. The solution of the 
photosensitive resin composition used previously was again applied on the coat in which copper 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web„cgLejje?atw - u=http%3A%2F%2Fwww4.ipdLi... 2009/06/03 



JP,08-259784,A [DETAILED DESCRIPTION] 



12/18 ^— is 



interconnect was formed, the same operation as the above was repeated, and the insulating-layer 
two-layer and wiring layer two-layer circuit board model was created. In creation of this model, the 
crack generation resulting from various kinds of used solvents was not accepted (solvent resistance). 
Therefore, even if it gave two coats of the solution of a photosensitive resin composition, problems, 
such as a crack generation, were not produced in a lower layer coat. Even if the obtained circuit 
board contacted 300 ** solder to the insulator layer for 1 minute, abnormalities, such as exfoliation 
of copper interconnect and blistering, were not accepted (solder heat resistance). The bridge 
construction film was created using the solution of the aforementioned photosensitive resin 
composition, and it measured according to JIS K6911. A result is shown in Tables 3 and 4. 
[0033]As shown in the nine to example 15 tables 3 and 4, the combination and the blending ratio of 
epoxy denaturation thermoplasticity norbornene system resin and a photoactive substance were 
changed, and the same processing as Example 8 was performed. A result is shown in Tables 3 and 4. 
[0034] 
[Table 3] 

example Resin cords Rack Pons Agent Water absorption Solvent resistance (weight section) (weight 

section) (%). . 8 A 2,6 - screw (4 -azide benzal). (30) -4 - 

methylcyclohexanone . (1.5) 0.02 The fitness nine A4 and 4'-. screw azidostilbene 0.01 — good (30). 
(1.1) 10 A bisphenol A - Di- p- Torr 0.02 Good (30) Ene sulfonate (0.4) 1 1 A Bis(2 - nitrobenzyl oxyl 
0.04 good (30) carbonyOhexane- 1 and 6 - diamine (1.8) 

12 B 2,6 - screw (4 -azide benzal) 0.04 Good (30) -4 - methylcyclohexanone (2.1) 

13 A C 2,6-screw (4'~azide benzal). 0.02 good (30)-4-methylcyclohexanone . (1.3) 14 D 2,6-screw 
(4-azide benzal) 0.05 Good (30)-4-methylcyclohexanone (2.5) 15 E 2,6-screw (4-azide benzal) 0.02 
Good (30)-4-methylcyclohexanone (1.5) [0035] 

[Table 4] 
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[0036]After dissolving epoxy denaturation thermoplasticity norbornene system resin A30 weight 
section obtained by the example 16 reference example 1, and alpha and alpha'-bis(4-aminophenyl)- 
1,3-diisopropylbenzene 1.5 weight section in xylene 70 weight section, It filtered with the millipore 
filter with the aperture of 0.22 micrometer, and the resin composition was obtained. After using the 
spinner and applying this solution on a silicon wafer, it prebaked for 90 seconds at 80 **, and the 
coat of 15 micrometers of thickness was obtained. 250 ** and a 3-hour heating cure were performed 
for the silicon wafer in which the coat was formed, in oven and under nitrogen. This coat was 
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irradiated with the excimer laser through the mask, and the beer hall was formed. Next, after 
performing whole surface coppering on this surface and forming the copper layer of 5 micrometers of 
thickness in it, resist was applied and after-exposure development was performed using the mask for 
circuit patterns. This was dipped in ammonium persulfate solution, copper was etched, resist was 
exfoliated, and copper interconnect was formed. In these operations, the adhesion between a coat, 
and a silicon wafer and copper was good. On the coat in which this copper interconnect was formed, 
the same photosensitive resin composition as having used it previously was applied again, the same 
operation was repeated, and the insulating-layer twoHayer and wiring layer two-layer circuit board 
model was created. In creation of this model, generating of the crack resulting from various kinds of 
used solvents was not accepted (solvent resistance). Therefore, even if it gave two coats of the 
solution of a resin composition, problems, such as a crack generation, were not produced in a lower 
layer coat. Even if the obtained circuit board contacted 300 ** solder for 1 minute, abnormalities, 
such as exfoliation of copper interconnect and blistering, were not accepted (solder heat resistance). 
The bridge construction film was created using the solution of the aforementioned resin composition, 
and water absorption and an electrical property (a dielectric constant, a dielectric dissipation factor, 
insulation resistance) were measured according to JIS K6911. A result is shown in Tables 5 and 6. 
[0037]As shown in the 17 to example 21 tables 5 and 6, the combination and the blending ratio of 
epoxy denaturation thermoplasticity norbornene system resin and a hardening agent were changed, 
and the same processing as Example 1 6 was performed. The result was shown in Tables 5 and 6. 
[0038] 
[Table 5] 

example Resin KO Rack Pons Agent Water absorption 

Solvent resistance - DO (weight section) (%) (weight section) 

. 16 Aalpha and alpha -screw (4-aminophenyl) (30)- 1 ,3- 

diisopropylbenzene (1.5) 0.02 Fitness 17 A 3(4)8(9)-screw (aminomethyl) 0.01 Good (30) Tricyclo [5, 

2, 1, 0 2 - 6 ] Deccan (0.8) 

18 B alpha and alpha-screw (4-aminophenyl) 0.04 Good (30)-1,3-diisopropylbenzene (2.0) 

19 C alpha and alpha -screw (4-aminophenyl) 0.02 Good (30)-1,3-diisopropylbenzene (1.3) 

20 D alpha and alpha-screw (4-aminophenyl) 0.04 Good (30)-1,3-diisopropylbenzene (2.4) 

21 E alpha and alpha -screw (4-aminophenyl) 0.02 Good (30)-1 ,3-diisopropylbenzene (1.4) 
[0039] 

[Table 6] 
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[0040]When it experiments like Example 8, without blending a cross linking agent with the epoxy 
denaturation thermoplasticity norbornene system resin A obtained by the comparative example 1 
reference example 1 f and a bilayer eye is applied, the lower layer central part has been dissolved and 
cratered. When 300 ** solder is made to contact for 1 minute, the portion has carried out melt 
deformation. 

[0041]Thermoplastic norbornene system resin produced by hydrogenating the ring-opening- 
polymerization object of comparative example 2MTD (the glass transition temperature of 152 **) 
After dissolving about 100% of a hydrogenation rate, number average molecular weight abbreviation 
28,000 30 weight section, and 2,6-bis(4'-azide benzal)-4-methylcyclohexanone 1.5 weight section in 
xylene 100 weight section, it filtered with the millipore filter with the aperture of 0.22 micrometer, and 
the photosensitive resin composition was obtained. When it experiments like Example 8 using this 
solution, a part of insulating layer has exfoliated after a heating cure. A crack goes into a lower layer 
in the case of etching of a copper layer. 

[0042]After dissolving example 22 epoxy denaturation thermoplasticity norbornene system resin A30 
weight section and 2,6-bis(4'-azide benzal)-4-methylcyclohexanone 1.5 weight section in xylene 100 
weight section, It filtered with the millipore filter with the aperture of 0.22 micrometer, and the 
solution of the photosensitive resin composition was created. After using the spinner and applying 
this solution on a silicon wafer, it prebaked for 90 seconds at 80 **, and the coat of 5 micrometers of 
thickness was formed. After irradiating [ on / this coat ] with the ultraviolet rays of light intensity 5 
mW/cm 2 for 30 seconds on the wavelength of 365 nm using the test pattern by Toppan Printing Co., 
Ltd., when negatives were developed using cyclohexane, a 5-micrometer pattern was able to be 
resolved. The heating cure was performed at 250 ** in oven and under nitrogen for 3 hours. When the 
silicon wafer in which the pattern was formed was heated at 300 ** in oven and under nitrogen for 1 
hour, who of a pattern and film decrease were not seen. Adhesion (grid peel test 100 / 100= fitness) 
with a substrate, water absorption, and a dielectric constant were measured like the above. A result 
is shown in Tables 7 and 8. 

[0043]As shown in the 23 to example 27 tables 7 and 8, the combination and the blending ratio of 
epoxy denaturation thermoplasticity norbornene system resin and a photoactive substance were 
changed, and the same processing as Example 22 was performed. A result is shown in Tables 7 and 8. 
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[0044] 
[Table 7] 

example Resin KO Rack Pons Agent Water absorption 

Adhesion - DO (weight section) (%) 
(Weight section) 

. 22 A 2,6 - screw (4-azide benzal) (30) -4 - 

methylcyclohexanone (1.5) 0.02 fitness 23 A 4,4 - Screw azidostilbene 0.02 Good (30) (1.1) 

24 B 2,6 - screw (4-azide benzal) 0.02 Good (30) -4 - methylcyclohexanone (1.5) 

25 C 2,6 - screw (4-azide benzal) 0.02 Good (30) -4 - methylcyclohexanone (1.5) 

26 D 2,6 - screw (4'-azide benzal) 0.03 Good (30) -4 - methylcyclohexanone (1 .5) 

27 E 2,6-screw (4-azide benzal) 0.03 Good (30)-4-methylcyclohexanone (1.4) [0045] 
[Table 8] 
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[0046]After dissolving example 28 epoxy denaturation thermoplasticity norbornene system resin A30 
weight section and alpha and alpha'-dibromo-p-xylene 0.3 weight section in xylene 100 weight 
section, it filtered with the millipore filter with the aperture of 0.22 micrometer, and the solution of 
the photosensitive resin composition was created. After using the spinner and applying this solution 
on a silicon wafer, it prebaked for 90 seconds at 80 **, and the coat of 5 micrometers of thickness 
was formed. After irradiating [ on / this coat ] with the ultraviolet rays of light intensity 5 mW/cm 2 
for 30 seconds on the wavelength of 365 nm using the test pattern by Toppan Printing Co., Ltd., 
when negatives were developed using cyclohexane, a 6-micrometer pattern was able to be resolved. 
The heating cure was performed at 250 ** in oven and under nitrogen for 3 hours. When the silicon 
wafer in which the pattern was formed was heated at 300 ** in oven and under nitrogen for 1 hour, 
who of a pattern and film decrease were not seen. Adhesion (grid peel test 100 / 100= fitness) with a 
substrate, water absorption, and a dielectric constant were measured like the above. A result is 
shown in Tables 9 and 10. 

[0047]As shown in the 29 to example 30 tables 9 and 10, the combination and the blending ratio of 
epoxy denaturation thermoplasticity norbornene system resin and a photoactive substance were 
changed, and the same processing as Example 22 was performed. A result is shown in Tables 9 and 
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10. 

[0048] 
[Table 9] 

example Resin Rack Pons Agent Water absorption 

Adhesion Cord (weight section) (%) 
(Weight section) 

28 Aalpha, alpha' - Dibromo- P-xylene 0.02 Good (30) 

(0.3) 

29 A bisphenol A - Di- p- Torr 0.03 Good (30) Ene sulfonate (0.4) 

30 B Bis(2 - nitrobenzyl oxyl 0.02 good (30) carbonyOhexane- 1,6 - JI Amine (2.0) 

[Table 10] 
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[0050]After dissolving ring-opening-polymerization object [glass-transition-temperature [ of 160 ** ] 
and number average molecular weight 21,000 [ about ] (polystyrene conversion)] 30 weight section of 
comparative example 3MTD, and 2,6-bis(4'-azide benzal)-4-methylcyclohexanone 1.5 weight section 
in xylene 80 weight section, It filtered with the millipore filter with the aperture of 0.22 micrometer, 
and the solution of the photosensitive resin composition was created. After using the spinner and 
applying this solution on a silicon wafer, it prebaked for 90 seconds at 80 **, and the coat of 5 
micrometers of thickness was obtained. After light intensity irradiated [ on / this coat ] with the 

ultraviolet rays of 5 mW/cm 2 for 30 seconds on the wavelength of 365 nm using the test pattern 
mask by Toppan Printing Co., Ltd., when negatives were developed using cyclohexane, a 5- 
micrometer pattern was able to be resolved. 250 ** and a 3-hour heating cure were performed under 
nitrogen in oven. Film decrease was observed when the silicon wafer in which the pattern was formed 
was heated at 300 ** in oven and under nitrogen for 1 hour. 

[0051]Thermoplastic norbornene system resin produced by hydrogenating the ring-opening- 
polymerization object of comparative example 4MTD (the glass transition temperature of 152 **) 
After dissolving about 1 00% of a hydrogenation rate, number average molecular weight abbreviation 
28,000 30 weight section, and 2,6-bis(4'-azide benzal)-4-methylcyclohexanone 1.5 weight section in 
xylene 100 weight section, it filtered with the millipore filter with the aperture of 0.22 micrometer, and 
the solution of the photosensitive resin composition was obtained. After using the spinner and 
applying this solution on a silicon wafer, it prebaked for 90 seconds at 80 **, and the coat of 5 
micrometers of thickness was obtained. After light intensity irradiated [ on / this coat ] with the 

ultraviolet rays of 5 mW/cm 2 for 30 seconds on the wavelength of 365 nm using the test pattern 
mask by Toppan Printing Co., Ltd., when negatives were developed using cyclohexane, a 5- 
micrometer pattern was able to be resolved. 250 ** and a 3-hour heating cure were performed under 
nitrogen in oven. Film decrease was observed when the silicon wafer in which the pattern was formed 
was heated at 300 ** in oven and under nitrogen for 1 hour. 
[0052] Hereafter, the embodiments of this invention are enumerated. 

1 . Insulating material containing resin composition characterized by containing cross linking agent in 
http://www4.ipdUnpit.gojp/cgi-bin/to 2009/06/03 



JP,08-259784,A [DETAILED DESCRIPTION] 



17/18 v? 



range of one to 20 weight section preferably 0.1 to 30 weight section to epoxy group content cyclic 
olefin system resin 100 weight section, its bridge construction thing, and them. 

2. In insulating material containing said resin composition of 1, its bridge construction thing, and them, 
The insulating material containing the resin composition which is the epoxy group content 
thermoplasticity norbornene system resin produced by epoxy group content cyclic olefin system resin 
introducing an epoxy group into thermoplastic norbornene system resin, its bridge construction thing, 
and them. 

3. In insulating material containing said resin composition of 1 or 2, its bridge construction thing, and 
them, The insulating material containing the resin composition which is a hydrogenation thing of the 
ring breakage (**) polymer produced by thermoplastic norbornene system resin carrying out the ring 
breakage (**) polymerization of a kind of norbornene type monomer at least, its bridge construction 
thing, and them. 

4. In insulating material containing said resin composition of 1, 2, or 3, its bridge construction thing, 
and them, The insulating material in which thermoplastic norbornene system resin contains at least 
the resin composition which is a hydrogenation thing of the addition (**) polymer of a kind of 
norbornene type monomer and a copolymerizable unsaturated monomer, or a ** (**) polymer, its 
bridge construction thing, and them. 

5. In insulating material containing said resin composition of 1, 2, 3, or 4, its bridge construction thing, 
and them, The insulating material in which thermoplastic norbornene system resin contains at least 
the resin composition which is a hydrogenation thing of the addition (**) polymer of a kind of 
norbornene type monomer, or a ** (**) polymer, its bridge construction thing, and them. 

6. In insulating material containing said resin composition of 1, 2, 3, 4, or 5, its bridge construction 
thing, and them, The insulating material containing the resin composition which is the ring breakage 
(**) polymer produced by thermoplastic norbornene system resin carrying out the ring breakage (**) 
polymerization of a kind of norbornene type monomer at least, its bridge construction thing, and them. 

[0053]7. In insulating material containing said resin composition of 1, 2, 3, 4, 5, or 6, its bridge 
construction thing, and them, The insulating material in which thermoplastic norbornene system resin 
contains at least the resin composition which is an addition copolymer of a kind of norbornene type 
monomer and nonconjugated diene, its bridge construction thing, and them. 

8. In insulating material containing said resin composition of 1, 2, 3, 4, 5, 6, or 7, its bridge 
construction thing, and them, The insulating material in which thermoplastic norbornene system resin 
contains at least the resin composition which is a kind of norbornene type monomer, noncor\jugated 
diene, and an addition copolymer with the unsaturated monomer of copolymerizable others, its bridge 
construction thing, and them. 

9. Insulating material in which thermoplastic norbornene system resin contains resin composition 
which is hydrogenation thing of ring-opening-polymerization object of dimethano 
octahydronaphthalene, its bridge construction thing, and them in insulating material containing said 
resin composition of 1, 2, 3, 4, 5, 6, or 7, its bridge construction thing, and them. 

10. In the insulating material containing said resin composition of 1, 2, 3, 4, 5, 6, 7, 8, or 9, its bridge 
construction thing, and them, The insulating material in which thermoplastic norbornene system resin 
contains the resin composition which is an addition copolymer of dimethano octahydronaphthalene 
and ethylene, its bridge construction thing, and them. 

1 1. In the insulating material containing said resin composition of 1, 2 t 3, 4, 5, 6, 7, 8, 9, or 10, its 
bridge construction thing, and them, The insulating material in which thermoplastic norbornene 
system resin contains the resin composition which is a ring breakage copolymer of dimethano 
octahydronaphthalene and a dicyclopentadiene, its bridge construction thing, and them. 

12. In the insulating material containing a resin composition given in said 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 
11, its bridge construction thing, and them, The insulating material in which thermoplastic norbornene 
system resin contains the resin composition which is dimethano octahydronaphthalene, ethylene, and 
a 5-ethylidene-2-norbornene addition copolymer, its bridge construction thing, and them. 

13. The insulating material which contains the resin composition whose cross linking agent is the 
hardening agent or photoactive compound which demonstrates the capability with heating, its bridge 
construction thing, and them in the insulating material containing said resin composition of 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, or 12, its bridge construction thing, and them. 
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14. In the insulating material containing said resin composition of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, or 
13, its bridge construction thing, and them, The insulating material containing the resin composition 
which is that by which cyclic olefin system resin and/or a cross linking agent are uniformly 
distributed in the solvent, its bridge construction thing, and them. 

15. The insulating material whose insulating material is an exaggerated coating material or a coating 
material between layers in the insulating material containing said resin composition of 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, or 14, its bridge construction thing, and them. 

16. A formation method of the insulation film characterized by 30 ** - 400 ** of things for which a 
heating cure is preferably performed at 100 ** - 350 ** after performing said insulating material of 15 
for spreading, desiccation, prebaking, etc. to a substrate. 

The thickness obtained with the formation method of said insulation film of 16 17. 100 micrometers or 
less, Usually, a dielectric constant [ are 50 micrometers or less and ] with a water absorption [ 0.1% 

or less of], and an insulation resistance of10 15 -10 17 omega/cm, and 1 MHz, the insulation film 

whose dielectric dissipation factors are 2.3-2.6, 0.0001-0.1, respectively. 

[0054] 

[Effect]The insulating material of this invention can form the thin film excellent in heat resistance, 
solvent resistance, low water absorption property, electric insulation, adhesion, chemical resistance, 
etc. Compared with what was especially produced with conventional thermosetting resin, it is low 
water absorption property and electrical insulating characteristics, such as a lower dielectric 
constant, are also excellent, it is equivalent to the conventional thermosetting resin mold goods, and 
adhesion of heat resistance with inorganic materials, such as crack resistance and silicon, or metallic 
material to various solvents is also good. The insulating material of this invention is applicable to 
formation of an insulating material, especially a thin film in various fields taking advantage of the 
characteristics, such as the above outstanding heat resistance, solvent resistance, low water 
absorption property, electric insulation, and chemical resistance. 



[Translation done.] 
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k« hfcww^jsr* sci. j tc^mmt lx . 

3 hicte&mizfcKxm&'mm. ^om^mmm^^ 

«. M3a^i*jj;D f m2©iHjs^4$wr-5*-^*3- 
h *tf4* 4 cH*nra*e^«f4^©*ei»twccwr s. * 
mxom 4 k, Miam 1 $ fcus 2 ©ffl^^^ts u r 

[0005] *^-cffifflr4if«^ i/7 * >mmmt 

^;;U^>§y^y v - i a-^U7 ^ >^fi^i©^S^aI 
^fte©*^v-i©7>^A#fiDM«S^<*. *JJ;J>' 

cn^© («) m&&<D7)<.mmMWj:£zmtfzct& 

(a) yW*>S*/7-©M (ft) S^f*^7K 



3 

mmuaotcmm 
Ltc®m 

( C ) /A#*>ftyv-4fflj («) s^s-sr 

£/cBf£ttJjQ (ft) S^^7K*^DL/cffi)j| 

(d) y^^^>§y*y-7-©^jg (ft) 

(e) y;i/^';u^>§y*y v- i^ft&^J-x *jj:t>" 
u^ciE; d rffeo-t y v - i ©Ft Jraftfi^f* 

( f ) BUlE ( e ) a^f***sRjSSft]Lr»6tlA:««li 
ffiilB ( a ) . ( b ) *$<£!>' ( c ) B> ^IttfiW/* 
!K;U*>S«flir* 0 . £ JfcfuiE ( d ) ( e ) 

b, ^f-rttc^-KsR-fift^^-r-sjftniastty^ 

WR* < >*WJIiK:£14Jgj£K:J: 0 xtf*->a*2» 

B. M*.(2( i )BWB ( a ) . ( b ) *s Jet* ( c ) ©&bJ 

hJgftS#€>*\ *Sl>BCii)iit)fe (d) 
fcJ:^ (e) ©^(Cg*-^S-i^?:WTSi 

pjs?i4 y ;u * >mmmic mm^ a f p - * * 
as. fiM*/c»^gB{cwr6*Jig-c. 

S (^D^*ft>£?g&£-r£GPC#1ff«I) B, M 
?£5 0 0 0~~2 075, jtT* L< B8 0 0 0- 1 0 7i©4> 
(DXUbKl. x^+VlOSflB, x;J<+^«©g?3fta 

0. 0 5-511%, jff*L<B. 0. l~3fiS%© 
[0 0 0 6] (i) i^ + i'IMWi/v-© 

(a) ^©pgjEsm^ffitCcfcO. f?> j f>{»>i'xf> 
{t^«J*J)WKi It, ±sB©4>ft < <b 4>-«©y ;L-*';U 

*^m*s-?-*$m (ft) m^utpps (ft) fi^i* 

(ft) S£<**©^fB-^3B-*te££*&^WLT3ft 
«j*ft«««P*ffl«.»r^fti<D*ffi«: J: 0 FM]ftSi=? orft 



(3) MW8- 2 59 7 8 4 

4 

(c) 4>&< i4>— aoyw^^t/v-^ 

*n©77£K-cFtfln (ft) s^-tFtfln (ft) 

»u Mmcfcccmhtitcttm (ft) 

» l x m viw&mm s >\,#)v* m 

IB (b) fc<fctf (c) © (ft) S^ftB, &ffl-r&y;u 
!i<;U*>S!*yv-<D««(cJ;oTB > ^rttcK*- 

gsR-ftBt^wjaE-rsa*. (ft) 
mmmmt. mm^m^im<owi^^. mn. 9 

0%«±, *f*Ktt9 5?6«±, «fc0#f*L/<B9 9 

[0 0 0 7 ] MsB© J; 5 a: ur^jgu/c^of^tt^py 
;U*;U*>«il ( a ) , ( b ) ifctt ( c ) K. xtf 

+'>iMWt>v-^^77 hsiss-a-rxtf* 

^S£#AT-2>= tfvWm&U. ^-**S/F*©5 

ffji**ii*iS*liL-rsiEs-e*^ffi (MRS) tcfcotf 

(ii) ISx^+i/ffc 

(d) jj>ft< it— lO-/A^*>St>' v-?rggiS 

(ft) s^fcf#6n^ggis (ft) s^ft, *j«tcjf 

(e) il>%< £*>— «©yjU#;U^>S!*yv-i^ft 
!Ry x > , *> «fc ^*{CI& DT ffe©ftS^ nlfiB&^ISffl 
*^v-££ftS^0Tf#6ft£ttflnftS#{*B, » J P 

30 ttfigf a > ;i/ * >v * > ^ x jj< * -f tm z rem $ # & 

C£tCj;f), xsK+^iSiAtSCiJUrtS. C© 

Kffli,>si4;+->ftiiiit«38ii, fcia^w Fn 

x^+^fbSijr*-5»o Ko^-t + ^FSiior 
B. jfi&ft**. ^-^t 1 ;-^;^^ Fa^-t+ 
i/F. *^>^'-^+^F^***4. x^ + MbJSlSB 
40 ^©^atcrtf^Ci^-C*. CtiCCJ:«3BW©xsj< 

[0008] *mix-m^t>ti2>iffiR*u7 ^ >mm 

LTB. ftm¥-3 - 1 4 8 8 2, ^fcW 3-1221 
3 7 , ^gfl¥2 -2 2 74 24, ^M¥2 - 2 7 6 8 4 



(4) 

5 

*J<ju*>, 5 2 5, 5-y 

2 -y;l/#VU*>, 5 -x^;u- 2 - y;l/*JOl/ 10 
5 2 --/;WOU*>, 5-x^'j-r> 
-2 -y;l*#';U*>, 5-^ h*^#;U#x;i/-2-y 
;l/*JOI/*> % 5 -isTs- 2 - y;U#;U*>, 5--** 
;U- 5 - ^ h + >>#;U#xjl,- 2 - S)l7F)l>*y, 5 - 
7x^Jl/- 2 - S)l7F)b*>, 5 -7,xXJl/-5 ? 
)l- 2 - ; ^S/^o^>jr^x>, 2, 3 

-s^t Fn^^^o^y^^y ; 6 l , 

4:5, 4, 4a, 5, 6, 7, 

8, 8a-t^^t FPt7^U>, 

4:5, 8-^^*y-l, 4, 4a, 5, 6, 7, 20 
8, 8a-t^^tFPt7^l/>, 2, 3 - v ^ P ^ 
>^^yt7^l/> ( 6-x?-'Jf>-l, 4:5, 
8-i/J$s- I, 4, 4a, 5, 6, 7, 8, 8a- 
t^tFat7^l/>. 6-^OP-l, 4:5, 8 
-isJ2s-l t 4, 4a, 5, 6, 7, 8, 8a-t 
^*tFPt7$l/> k 4:5, 8- 

4. 4a. 5. 6, 7, 8. 8 a - :* 
^tFPt7^>, 6-h*U^;l/-l, 4:5. 8- 

4, 4a, 5, 6, 7, 8, 8a-*^ 
$tFPt7$U> 4 6 1 , 30 
4:5, %-V>jt*s-\ 9 4, 4a, 5, 6, 7, 
8, 8a-t^^tFPt7^l/>; 1, 4:5, 8- 
V* % J - 1 , 2, 3. 4, 4a, 5, 8, 8a-^^ 
^tF'o-2, 3 -^^n^>^;xyt7 £ 
1, 4:5, 10:6, Q-hU^dry-l. 2, 3, 

4, 4a, 5, 5a, 6, 9. 9a, 10, 10a- K 
f^tFP-2, 3 -^P^>^^x^7> h 7^ 
> ; i, 4 -^£y_ lt 4 1 4 a> 4b, 5, 8, 8 
a, 9a-t^^tFP7WUX 5. 8-^£y- 

1, 2. 3, 4, 4a, 5, 8, 8a-^^JtFP- 40 

2, 3 -^^P^>^^yt7 ^U^i^tf^C 

Ci*t#So Cti6(D^r*>6 -y^-Jl/- 1 . 4: 

5, 8-isJ*S- 1 . 4, 4a, 5, 6, 7. 8, 8 
a-t^$bFPt7$l/> (MTD) tzEWAZs 

FPt^^byg. ^>^U-<>£>>x> (D 
CP), 5 -i? »; f r >- 2 - S)14<)1>*> (E N 
B) , fc<t^Cn^CD2«Ji(±<DS^^*LC^ 
[0 0 0 9 ] iiufE^*;U*>§^y 50 



8-259784 

6 

Wfifa^/v-iitB, x?-u>, T'Pfbx i 
y'"r>, 3 1 1 3 

^;u- l -■^>^> s 4-^^*^-l-^>7 u >, 
1 _^\r^^> 1 - ^ ^7^>, l -f r *fe>, 1 - K-r-fe 
X l-f-h^ir^>, 1 -^+^f r 42>, 
>3?<Z)a - tl/7 -f >£g : >'^P^>-r>, >^p^+ 
H2> v 3, 4 -yy ^;i^>^n^>r*>, 3-^^;u^> 
^p-^+-fe>, 2- (2-y?-;b^;i/) 

)lX?ls>te£0)t"~)l^mit£Wl, 3a. 5, 6. 
7a-f F7t KP-4, 7-y^/-lH-Of> 
«©*(D^;WU*>SIIiilHSC*U7-f > : 1,4-^ 
*ij-yx>. i, 6 $zsx.y, 2-y^;b-i, 
5-^+1f^x>, 5-"\:/£^x 
>, 7 1 , 6-:t^£>>x>, ^#p^*U* 

*^x> s >>>^P^>£>>x>, ^fJl/f F7t Fo^ 
>r : >, ^t:'x;U^:>42>, 1 , 5-^+^t>x>, y 
;lx^;U^^x>OJ:^^^*S> ; x> ; 2-:/P^x;l/ 
-2, 5 -^U^U^xx l, 3, 5-t^^F'J 
x> v 1, 4, 9 -7**7 h yx><D<fc5ft F «;x>s& 

- /}m&v>x><Dtfm&m&»i> * 
x > ccRx. t >> * >SSo*jtfi:y x >*ffl^sc 

f>-2-/W*XENB), 5-^^U>-2 
-y>;MOl/*> % 5 - A v^pfj^- 2 -y;i/#;u 
6 - ^PP^fJl/" 5 - ^V7'P^;b - 2 - y 

IBcDC'i tffla&m^fc ( e ) £l,*ttt v WitfMTD 
/E N B/i^ U^l^fta t' fcSd 3 hi. 

WJL<[i7 0^%OT, ct0»$L 
<B6 0WoOTt?*5 B X^U>J^n^te*P^^ 

T, »*1/<«2 0^1/»«T, J:0»iL/<«10* 
[0010] i^^iMT^^-iUtit 

f 0 Wa-t / ^ x f ^ : vu 

x>F-yx-t^^p [2, 2, n^^>- 
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^p [2. 2. i)^7>-5-x>-2-^?;i/- 
2, 3 -^^;u^>K*o^fiaw^»; 
^y ^^xxr^i)?)^!^ y ?V y^J^xf^ 
IB; T'j^yj^i-f^ 2-^w;^yu 

^S^Wx-f^k o-7'J ^ x y-;KD^ ! ;^^^x 

p -r'Ji^x y - ;ucd^ V - r ^V7'a 

x y-jKD^'J^^x-fiK o - b*^;l/? 
x s-)WDtf } ) ^^bx-f^k m- t*^-;W x y - 
(D^y ^^Ux-fvk p - f x y -;KD^y ^> 

(o - j.?-U>**^F. 2-(p- 

\±~)\,y x^;b) x^u>^+^> h\ 2-(o-T r ;;i/ 
:7x^;L0 jl^u>^^>/ h\ 2-(p-TUJU7x^. 
MO :t?-U>:*^> F, 2- (o-t^;l/7x^.;l/) :/ 
nt'i/>t^>F\ 2- (p-t'^b7x^H 7'af 
U>^ + ->K\ 2- (o-7'J^7x^) :/Pb*U> 
**fh\ 2- 7'Pb'U^ + 

*>F. p -yy e>^JUX^U>, 3, 4 1 
3, 4-x^+^>-3 1 
3, 4 -■Xtf+S*'- 1 -^>*r>, 3, 4-x# + 
3 1 -^>f~>, 5, 6-x?J<+^-l 

-^+-fe>, b'^.;i/^^P^+-fe>^y^+-> F, ry 
;U - 2, 3 - ^>^>^ a^> - r;bf 

[ooi i ] *«woxsj<+^s%wr««itt* * 
y >*9&<0^u»it3ij ; 7 x y -)v^m<Dm^\m± 

x y >*tt£©«yMi3cJ©|iJ ; r * >^ 

o!>»«iw±ffj ; mo&mmmm*mmi;X*>m.^ 0 s e 



(5) #gf)¥8- 2 5 9 7 8 4 

8 

fMyr^x bxr^F, bmr*&> y*ju?K> 

* h'jxf l/>fh7^>, ^x^U>h»j7$ 

>;^7; y^>^P^+-v u >, 3(4), 8 (9) -f 
X(T^yy^;lO h'JS^^P [5, 2, 1, o 2 - 6 ] 

7 r ^7>; 1.3- (^r^yy^io >^p^*^>, 

10 ^JPf^^^y, t'X (4-7^-3-^^^^P 
y£> v fx (4-7^^^p^^D 
^*>tti*oiiiJ«R^yT5> ; 4. 4' -yrs^y 

7 xXJl/X-fJk 4, 4' -^7^^7x^.jM^ 
a, a' -b'X (4-T^y^x^JU) -1, 3- 
7 7'U b\H/^ a, a' - f X ( 4 - T 5 y 

^ x^;b) -l, 4 -^-Y y^ubVU-^>-tf>, 4, 
4' -yr ^ x — y£yx-=-u> 
y75>f©^sR#y7$>a;4, 4' -fxrt; 

K^>lfjp (4 -y*-;l/> ->^P^**y->y 4, 

20 4' -^T^F^UpX 2, 6-fX(4' -T^F 

^>tf;u) ^>^a^+ify>, 2, 6 -fx (4' - y 
>?F^>lf^) -4 -y 7 c ;b-^^a^+ify>, 4, 
4' -^T^F^7*^;l/XJl/*>, 4, 4' ->>y^ 
F^7*^ 2, 2' -^^FX^-^y^ 

ifcpb'XT^F ; i^b'a^V^ hS, 

^>^7^>fF7W>SI*t -Tiyy^WtM 

^^^>1S ; 7 x 7-^7^7 7 7|§jflg, ^U7- 
^7*7 ^ ^t«flg^cD^ffi^xy-;Uffi ; 7"^p>- 
6, t^n>-66, t^Py-610, 7^^P>-1 
K 7"-YP>-612, 7^>fP>-12, 7"-TP>-4 
6, 7F+y7^Wt^V7^ F\ #y^*-fr-**u> 

^7^>fU7^Jl/7^ F, ^ 'J^^7?L/>^77 

^;^y ^ f*®#»j r 5 f» ; «*^tf6n*. cne 

i & pJ^-C*^ 0 8ffflBB8fbffJ©ie^MB, t < CcftflRB 

6, ai«*u7^>»«Bii ooaa»tc*tbro. i 

- 3 0 SfiSP, »iL<Bl-20 SSSP(D|5Hr^ffl 
50 i*0«ftt3WiST"rife»W*L<ai^ *^c, WUftffJ 



(6) 



£y-;UTS>, MiiWT5>, -fs#V-;Hf 

cot 5 >a*i'«sn, w^tiSKows^T-afc 

S„ 8MbBWffl©E^«tt. i<{C»||E««Cl»fc©0. a* 
a >aMNIBl 0 0«MUCC»O-C0. 1-3 0 
Sfigfl. »*L/<«l~2 0MSBCD«SHrffiffl3n 

So 

[0013] xtf+^SSrWTSSttt^U? a 

-s. »Bi«jK©jgatt. i»i!i*»i»-r**>©-c*4i8o 

«F(cFR£2n-r, MilJ, hJlx>. +^U->. x^Jb 



LTB3 0*C~4 0 0°C. S?£b<B10 0 30 
°0~3 5 OTTC&D, Wilttt»-1H, »il 

<bi o»~5«Fiaigaf-c***i. mcctxicmfczti 

&&©-CBftl>. 

[0014] ^^tcfcoTB. L-r^cJgjcCtt 
{bt=^*ffl^sci#r*So cc-ci^#JKifcl4fb£ 

tcRj£3 ft* W*tf. 5?*«afttrxT 

s^Ffbtm >^S"j^*^^'W^tf en 40 

( i ) ^iMfxryHMU 

5?#«Ufi^^T^F{b^»©*t*W<!:l/rB. 4, 4' 
-i?7i? YiJfc^ls. 2. 6-fc**(4' -TS^K'O 
if;u) ^^a^+tfy> 1 2, 6-fcfX (4' -TJ^F 
^>ifjU) 4 >, 4. 4' -^ 
7^ i^;lx;l-7 * >. 4, 4' -^7^F-<> 
-J-y*.y>, 4, 4' -^ryKy7i-;k 2, 2' 

-yri/Fxfjio, 4, 4' -yryF-3, 3' 50 
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-sjy^us^x—jk 2, 7-yr^F7^u>. 

4, 4' -^yF^^j^MiOfASMWIil/t 

wen s„ cn^B, -a-c4>-«w±ffl*^*>-&-c 

4>^ffl-C#So 
(ii) ftTZ>ft£.m 

Blloll57 5>©0 -x h D^>yp + ^*jU^'^Jl/* 

K 2. e-'^l-aoyut^M^ 
il-rt* - F*St>Ba. a-^y^Jb- 3. 
h * > +^*/ - ^ - F ft^E*^^ 

Sfl, JM^lftfCB, Tx'J>. i^P-s+^jUT 5>. 

F775>, 1. 3 - (i>T 5 y i^^P-^+lt 
>, 4. 4' -i/7;/^7i^JH-f)k 4, 4' 

-y75^y7j^.jM^>, 7i-i/>y7;>fti' 

©o -~ h p-K>i/p^->^;l/^'^-;U*-^y - K 
2, 6 -V>~ F P-^>i?P + ^>*;l/^-JU* - F 
*5WJa, a-^>?;l/-3, 5- W ht^^ 

p+^^^^'x^-^o- hftwens. cne> 

B, -«"C fe -»U±|&*£*>#T 4,^ffl-C# So 
[0015] (iii) 3feM**SiJ 

IW^^AS, ^uy>{Mr*Wb#«». *^>^T^F 
fb^fe), a, a-fc'X (X;l/^x;b) i>77y$>*it 
a - *7,>t/#~;U - a -X)Vfr~>V-*/7V* $ > 

«»7s Fibtm FMb^^^wen 

So ^i-JAttOftftWilTtt. *rtft!W*c* 
B^fWjtcatft 3 nfc T >V * JUS . T ;U x . 

x^AtS, T>-tx^Aia. 3-Fx<7AJ&. X;l/*;x 

ASfAiftrttlS. cne^-^AJScD^r-^-v© 
mm. 7 XJU*>BI. *JU^'>ffi!, * 

rnmt&mia.. w«Mb^©^py>-fbfj-c*ntfi#(c 

^iJi l/TB. ^ a y>M t +t 5^7 y - JlUt^!. 

Aay>t#F yr^>*fb**. ^oy>M7t f 

^* b^». ^ a y>$W^T */- )\>mt£ 
F 'J7-/-;Hit^, ADy>tf2-fD>^ 

«i. ^py>^Wflii»»sKib**^b^ 
3?#»aS{b*Jftfb^ft. ^©ftfe©^py>^W^7-ais 
«fb^5. ^^7x^ji/A7^ F^b^ft«cf©#«{b 
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[oo i 6] s^c^uy>itmmit^mtLx, mj 

X (2. 3 -is7U*:y'U fc\>U) W7i - F, F V X 
> A.^f ^p^a;>^> v -^ + ^-/P^v^U Ff^ 

r h ^^P^b^^ x y-jUA, bx (^ppxfjbx 10 
-x;U) rF^PPb'X7x/-il/A, MJX (2, 
3-^0^7*0^1/) ^y^r^u-F, 2, 2-t* 
X (4-fc FP + ^-3, 5-^^n*7i^H 7'P 
2, 2-bX (4-bFP+^F+^-3, 5 
~i/7'P^:7x^) 7'pMy^^P^^M 
SlJ, i/^UP^7x^;bF'J^PPX*> > -^>-t2>-^ 

+t^P7^F\ ^>^^PU7xy-JK 2, 4, 6 
- h 'J^PP7x^jI/-4-^FP7 i^Jl/i- rJk 
2, 4-y^PP7x - 3 ' -yb^>-4' -r. 
l>P7i^ibi-fJk 2, 4-y^PP7x/t^ 20 

4, 5, 6, 7 -f* h 7^nP7t7 F\ 1, 1 
-b'X (4-^PP7^^) xV-ik 1, i-tr 
X (4-^PP7^x;l) - 2, 2, 
£y-;k x^;U-4, 4 -y^PP^>^l/- K 
2, 4. 5, 4' -f l-7^PP^7xxWJl/7^ 
h\ 2. 4, 5, 4' -fF7^PP^7^^XJl/* 

K{b^»O^ftWli0T«, 1. 2--<>V'+y>^T 
yF-4-^*>8^^k 1. 2-t7h + y> 
>>T^ F- 4 -XW>»x^7*;k 1. 2-t7K 30 
y>^T^F-5-xW>MxxfJk 1, 2--fy 
Y^yy^Tis F- 6 -X;l/*>K^Xf-;k 2, 1- 

h + y >^T> ; F-4 -X;l/^>^xx-rJl/, 2, 
1-^7 h*y>^T^ F - 5 -*Jl/jio&x;*7\rt/, 
2, l-t7K^>^T^ F-6-XW>iiXf 
;k -€-offi©+^>^ry F^2»{*cdx;u^>®x^7 u 
;k l, 2 -^>v r *^>^r^ F- 4 -x;b*>^ 
P^-<F\ 1, 2-t7F^y>^F-4-XW 
>$^P^>fF\ 1, 2-t7^/>^7^F-5- 
XW>l^P7>f F, 1, 2-t7ht/>^7^F 40 
-6-X;l/*>i^P7^F, 2, l-t7Ft/>i/ 

F- 4 P ^4 F\ 2, l-t7F + 
y>^T^F-5-x;U*>$S^P^ F\ 2, 1-7" 
7 F + y>i/T> > F- 6 -x;b*>i^P7^ F\ 
fto^y>r> ) FK2»*CDX;l/*>B!^P^-< FfOo 
-*y>7^ Mb£W:Wf 6*1*. 
[0017] a, a - tTX (x;I/*~JlO y77^3?> 

Stt«;WocBJft3hfcr;i/+;Ht, tji^^S, r^;k 
*;bB, 7?#^S, ^n^S^tio, a-t** 50 
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a-XJl/*^-^7^^>Slt^©l 
?n/c7^+;H, T^^S, 7^+;kS, 5?* 

^fpa«MWt5^W>ixxfJk x 

TA^JUS. T^;U+;US, 7?*]KS, 

^fPfflttMWfS^^^S-f ^ F\ 

[0018] cneo^jgistt^b^oasapMti, 

1-30 SSSB, *? * L < « 1 - 2 0 MKISOftHrffi 

ttfb£«JJ: 0 ttS«^*flgffl««J**k*ZJtc»ij»8B{b 
U ^*5R«Oa5«iefb«5*f#Stt^Cifc**.6 

# ft 0 * i ii> *> ffl Hj£W ftWSKft^c <£>SuiE 
3165R«8B{b«J«. *SfE14{b^W*«?S§tt*«©jraWCc<fc 

£JgJfc0T*«U «5*tt*s«#Sti, *fe8&*3R«« 
[0019] *»Wa>«*14«fli«JsSiBjtctt, BfatctK 
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>, 1. 2-t7K^>, 1, 4-^-^h + y>, ^ 
>X7>hD>, P, p' -f-f-7y?'il'i/7 5/"<> 

•/7i», ?p^-;i/ft£'©#;i^-;Mb-£^ - h 

Vit&fa> ^FP7-'J>, 2-i>C!D-4--FP7 
~V>, 5-^hO-2-7;^HH>, 7-h-7^T 

©t?!li LTli. bFP + y>> ^K^iAA, p 
- t -^fMf3 -;k 2, 6 -i?- t p 
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